Barium manganese fluoride has attracted the interest of physicists since its discovery, in 1967 [1] . At room temperature, the symmetry of this compound is orthorhombic (space group A21am-C!2v)' and the structure consists of puckered sheets of MnF6 octahedra, which share corners [2] . The arrangement of Mn 2, ions (S = 5/2) gives the system 2D magnetic properties, which have been the subject of numerous investigations [3] . Besides, a magnetoelectric effect was discovered below room temperature [3] , which implied a change of the symmetry [4, 5] .
Since the evidence of a structural phase transition at 250 K by a sharp anomaly in ultrasonic attenuation, the low temperature phase has been intensively investigated [3] , but a number of questions still remains unclear. Indeed, the low temperature phase is incommensurate [6] , and has unusual features : there is no lock-in (commensurate) phase at a lower temperature, and the modulation wave vector K = :t g a *:t (b * ± c * )/2 has only a weak temperature dependence, which was determined to vary from one sample to another. These characteristics are attributed [7] to a pinning of the modulation by defects of the crystal lattice. However the nature of active defects has not yet been established. Another striking feature for an incommensurate system is that the phase transition between the normal (A2lam ) and the modulated phase has a first order character. This is evident from the existence of a thermal hysteresis [8] and a jump in the birefringence [9] and refractive index [10] variation versus T. Experimental data from crystals of various origins suggest a slight sample dependence of not only §, but also of the order parameter (O.P.) amplitude p (birefringence and indices are sensitive to the thermal variation of p 2 [11] ), since the observed jumps at Ti seem to differ.
Within the last years a new problem appeared : on the basis of specific heat data and piezoelectric measurements [12, 13] , it was claimed that there were in fact two phase transitions in this compound.
However, these results were contradicted afterwards [14] and no additional anomaly could be observed in birefringence [9] or indices [10] [15] , and two of these correspond to visible anomalies of thermal diffusivity. The authors of reference [15] suggested that these « transitions » represent a devil's staircase of discrete jumps in the modulation wavevector (see also Ref. [16] [7] , namely « B » (for Bridgman) and « C » (for Czochralski) sample. Other Bridgman (resp. Czochralski) samples will be labelled as Bi (resp. Ci). Sample C was obtained after 2 crystallizations, and is expected to contain less impurities than B. Moreover, the dislocation density in C is much lower than in B, as can be seen from X-ray topography [17] . All figure 1 . Curve « A » refers to the study of reference [14] , performed by means of X-Ray diffraction. Curves « B » and « C » refer to the neutron diffraction data of [7] . In all these cases, a slight increase of the g value occurs on cooling, and a thermal hysteresis is evident. At low temperatures, the § value becomes constant. In the best quality sample (« C »), the thermal variation is more pronounced, and § changes from about 0.39 at Ti to 0.399 below 80 K. It is noteworthy that the value at the transition is, within experimental accuracy, sample independent. This feature is not contradicted by data from H crystals. However, in the last samples, no thermal variation of § can be evidenced : down to 120 K, 6 keeps a value close to 0.39 (curve « H »). In order to check a possible influence of dislocations on the thermal variation of 6, we annealed the H crystal at 600 K : the sample was (k = ± §a * ± (b * ± c * )/2 ). Curve A is from reference [13] , B (Bridgman sample) and C (Czochralski) from reference [7] . Curve In the samples grown hydrothermally, the Cp anomaly is less marked and the variation in the incommensurate phase is weaker (Fig. 3, curve a) . As in B or B2 samples, no latent heat at Ti-,can be evidenced. The Cp anomaly in these crystals is sensitive to the thermal history of the sample, and after a heating at 600 K, the signal observed on H samples is closer to the preceding ones, as it becomes A-shaped (Fig. 3, curve b) .
Let us note that, in all samples, only one anomaly is evident. In particular, we were unable to observe the second small peak reported in [12] . 5 An, if present, is rather weak.
As we already noticed, the parameter which is important is the magnitude of internal strains ; it influences the thermal evolution of the O.P. amplitude, but does not seem to act significantly on kbehaviour. More likely, the thermal change of this last quantity is determined by the amount, in the crystal, of impurities which pin the modulation. A hypothetic effect of dislocations on the curve k = k ( T) would be inconsistent with the observation that annealing does not change the situation significantly.
The strong influence of internal strains supports the conclusions of Lorenc [19] and the hypothesis issued in [20] . Let us show that a natural explanation of our results can be found within this framework. In BaMnF4, the O.P. has four components q (ki), n (k2), n (k3 ), q (k4 ), where the ki belong to the star of the modulation wave vector :
Depending on the amplitudes of the invariants in the free energy expansion, various situations can occur below Ti :
(ii) 17 [21] . Let us recall that the set of experimental data now available permits us to know which case applies to the real system. Indeed, it was shown in [14] , that systematic extinctions in the reciprocal space occur at positions such as k1 + k2 (and symmetry related ones). This hinted at a spatial separation of the modulations with k1 and k2 vectors.
Moreover, a y-ray diffraction study [20] [22] . All these data are clearly in agreement with case (ii) only. This conclusion is consistent with the theoretical analysis of magnetoelectric effect [5] and Raman data [3] .
In reference [19] , Lorenc give merely rise to shifts of the critical temperature.
In a stress-free crystal (a YZ = 0), the transition would be discontinuous due to critical fluctuations (see alro Ref. [6] ), whereas at large I cry, I , it is continuous. The corresponding phase diagram is presented in figure 6 (curve a).
In the preceding part, we arrived at the conclusion that, due to internal strains (which are equivalent to the situation where one applies stresses since internal strains are expected to change only smoothly with temperature), the transition becomes continuous. This is evident from the shape of the C p anomaly in H-crystals, and from the absence of birefringence discontinuities in crystals with internal strains. Moreover, the /3 exponent, in strongly stressed samples, can even reach the classical value for a second-order phase transition, f3 = 1/2. We can understand these data if we assume as can be expected by symmetry -that the active component of stress tensor is oyz. In reference [20] , the thermal dependence of uyz was determined, and fitted both by a Landau-Devonshire expression (for a first order phase transition) with spinodal lines very close to each other (6T=0.2K), and by a power law of the O.P. is a difficult task. y-ray diffraction experiments, performed with the C sample, provide j3 = 0.23 ± 0.02 whereas birefringence data from the same crystal yield j3 = 0.28 ± 0.02. The origin of this discrepancy is not known, but it seems that the birefringence behaviour is more complicated than a simple law 8 [27] ). In BaMnF4, let us recall that the birefringence or refractive index curves present tails above Ti. Pretransitional effects are also clear from diffraction data, but do not fit with usual laws for critical fluctuations [28] . The experimental data do not therefore contradict the conclusion of narrowness of the critical region, the « fluctuation » tail in An and the diffuse X-ray scattering being attributed to defects.
In conclusion, the phase diagram that we propose is presented in figure 6b, [29] see also Ref. [30] ). This hypothesis could explain the observations described in references [12, 13, Ref. [13] and [15] ). However, we saw in the present paper that the k-dependence of An is very weak, and this explains why no anomaly is observed in the birefringence curve. This interpretation differs from earlier ones, based on the possibility of a supplementary phase transition in the case of the perfect crystal [31, 32] .
To our feeling, the eventual pinnings of k between jumps (which seem to be possible in some samples) have a priori no reason to occur on values which are commensurate with the underlying lattice, since the forces acting on the modulation are attributed to point defects, distributed at random. In all cases, it is not possible experimentally to make any difference between an incommensurate and a commensurate value with a high order of commensurability (in the case of BaMnF4, the smallest order is 23 !).
In another paper, it was claimed that the phonon instability occurs not at (0.39 ; 0.5 ; 0.5) but at (0.39 ; 0 ; 0.5). In a theoretical model developed by Hardy [33] , it was shown that the phonon branch is the softest at the former point, but that it is almost as soft as the latter. These results need attention, since both points have different symmetries in the Brillouin zone. However, among our samples, we had no evidence for an instability occurring at (0.39 ; 0 ; 0.5).
It is now established that the amount of internal stresses is an important parameter influencing the thermal dependence of the O.P. amplitude. It is noteworthy that Ti is however only slightly shifted from one sample to another. This is expressed by the quasi-vertical orientation of transition lines in figure 6b . The Ti shift, given in reference [19] as a function of u yz and coefficients entering the free energy, is not necessarily expected to be important : here, u yz is not a field conjugated to the O.P., since the transition is of the improper ferroelastic type.
The explanation of the observed phenomena in terms of tricritical behaviour which can be controlled by applying u yz stress, will be checked in further experiments.
